
AD-Rl?3 742 DAILY MAGNETOGRAMS FOR 1982 FROM THE AFOL (AIR FORCE 1I'S
GEOPHYSICS LABORATORY) NETNORK(U) AIR FORCE GEOPHYSICS
LaD HASOM AFB MA D J KCNECHT 91 MAR 85

UNCLASSIFIED AFSL-T-B5-663 F/G 9/14 NL

mommohhmhmum
EhEohhohmhhhEI
mhhhhhhhhhmhu

Ehmhhmhhhhmhhu0



" ,° I 1.0 111"--- J&.81 1 -
1111 ial . _ 2

*11111 I .. 1 i .6

1.8

IIiiIIL25

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDAROS-1963-A

* e.%5 ,*

'

p.

%.5,%

% ~.'



~.%

K AFGL-TR-85-003 1

SPECIAL REPORTS, NO. 247 4

J Daily Magnetograms for 1982 From
the AFGL Network

(%1 DAVID J. KNECHT

I 1 March 1985
Ile.

Approved for public release; distribution unlimited. % a

''A

*L.SPACE PHYSICS DIVISION PROJECT 7601

AIR FORCE GEOPHYSICS LABORATORY
HANSCOM AFB MA 01731

)4 8, --- -

. . . . . .. . . .-



"-ii tehia reor ha bee reiee and is appove fo publication"- -

FO THE Cstf' ND

~This touenaeot has been reviewed and teEDPbi Aproved ofor(A pbiand

77

/ W/

e P . . . . . .



II
Unclassified 

AG

i~. REORTSUIYCLASSIFICATION AIN CEUL Appove forRCTV pubAcreeasNGS-
distibutonsnlimted

2. PECRFRING OGAIZATION AUEPORITY NU3S .MOISTRING IO RNIZAIT O REPORTU B (S

Nb O AE OP PERFOMI NGRANIAIN SC ED L OFIES M O * AE r ve OFr MONIORIN ORG NIA eON ase;~

.PEFIGORGANIZATION REPOR NUMBERW I S.MNTRN OGNZTO EPR U..S

ELEMEN NO. NO2N.4O7

2. P[RONA AUTFIRCE DavidL .. NAEnechtRNGOGAIATO
13& TYFE OF PRPORTIN ORGANIZ TIMECVRDODTNO EOTIrM. Py SPG ON

inhus FRO ______ TO___ 98yMrci143

0% %

IS. ADDST (ty Stt 1d Netor Ground mb DRSCt.Sae asurem Coent %

Hastacke pltoA4huFantorB rmteAG Mgeoeeewr
isaresent fo0ahU1a7o3h1er182 ahpoo asnl ae cnan -.-

all 21M trce fUDN/SOSrm the f Ougat mantmtr ofYMO the networkEN (threeEN cpoENTsFCTO atBE
sevNITO staios)aTepat lpotedarle2mnaeae fteli dtddt e

thaDDESty a e ben ZProvded to theRC Worl DataIN Cne.T aiiNOmprnewe

active, the plt"- halee repneatedrat a eue mliue hs mgerm

fo 9from the orld DaaNeteor

223. NAME OF REPONSIBLE .INDVIUA COVRE DTLEPON EPNMRT Y,, OFFICPAE YMOLUNT

Davids FRO KneTht_ (17) 186123 Mach1 3

SECRIT CSASSIFMCATAON OFOTATIPOEN~

% % J

17. COATICOES 18 SUBJ C ERM l..%. , An wrw ' if neeia an dniyb bibnmir



A.-o

L

Access ion For

NTIS G~&
DTIC TA

Just ii, r t ion

Di st ribut i on/

Availat 1 ] t- Codes

Dist Special

Preface '

This volume of magnetograms from the AFGL Magnetometer Network is the 4 Aj
fifth in a set of six yearly volumes covering the years 1978 through 1983. Des- %-.v.

criptive material needed to explain the magnetograms is repeated so each volume

can be used independently.

These volumes are dedicated to the memory of Robert W. Crowe. who as a IN
high-school student, carried out much of the computer work that produced the A

edited data shown in these plots and who lost his life in October 1982 while the work
was under way.

Many other persons have also contributed greatly to this effort. The project, % f,:? 7
which required reading more than 1200 input data tapes, writing more than 4500 .e 0%,e

edited-data tapes, and making and assembling more than 6500 separate plots for
these volumes, was made possible by the dedicated efforts of a group of college ., .\'

and high-school students. Armand Paboolian supervised and personally undertook

much of the production of the edited data base. Ric Laperriere. Stephen Morris,

Catherine Whittaker, Glenn Ellis, and Ara Topjian also contributed many hours to

this work. Fr. John F. Devane. S. I. , directed the contractual effort of Boston

College under which most of the students worked. Ric Laperriere carried out a
large fraction of the production runs that produced the final plots. These generous

% . . d** %

contributions are gratefully acknowledged. %
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dat fr he ea 1Dain h omo tce aly magnetograms, for 1982 FrmtepGewrk . .
tinuous measurements of the surface magnetic field at seven stations spanning the

contiguous United States. An edited data base has been produced for the period,0.

1978-1983; it consists of three-component measurements of the field at the seven

network stations by fluxgate magnetometers sampled once per second. A subset

of these data, consisting of 1-m c average values in the standard IMS format. is ',

available to the scientific community through the World Data Center.
This report, one of a series of yearlyvolumes, presents the 1-mm subset of

data for the year 1982 in the form of stacked daily magnetograms. one day per page..

The anticipated uses of these plots include: (1) discovering the overall pattern of

magnetic activity across the United States for any day. (2) identifying events for%

scientific study, and (3) indicating the coverage and quality of the data available .

from the World Data Center.

For the basic set of 365 daily plots, the question of amplitude scale was re-

solved in favor of a constant value for all plots to facilitate comparison when a

scanning over many pages. However, for about 10 percent of all days (but about

15 percent in 1982) this choice causes traces to be offscale or confused, so for these

days the plot is repeated on a less sensitive scale in a subsequent section of

supplemental plots. -
-

(Received for publication 28 February 1985)
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2. DESCRIPTION OF THE NETWORK

The AFGL Magnetometer Network consisted of seven remote instrumented . .

stations at the locations shown in Figure 1 and listed in Table 1. The five northern

stations form a line at approximately 55 degrees cgm latitude, while the two

F southern stations are both at about 40 degrees cgm latitude.

a

Dte Acqulisition Station 4 ,. -,I, ~~~A L .........o-----....

%
Rapid City SO %O %ubryM

* K Camp Douglas Wl•L

Lorpoc CA 0. c

TPA/
Tampa FL .

Figure 1. Map of the AFGL Magnetometer Network

The instrumentation at all sites was essentially identical. The instrument

which made the measurements presented here is a three-component fluxgate mag-

netometer built by the University of California at Los Angeles. (Data from a second

instrument, an induction-coil magnetometer, is not discussed. ) The fluxgate mag- .'

netometer has a basic analog (fine-scale) range of -64 to -64 nanoteslas: it is kept
onscale by applying to the sensor a precise (coarse -scale) nulling field of an"-

integral multiple of 64 nT to cover the full range of approximately -65, 000 to

65, 000 nT. The fine-scale output is digitized by an ll-bit analog-to-digital

converter, with the least significant bit representing II16 nT. The instrument was %

sampled once per second.
singl dedicaed voaie-gre rctuint a uptalargeluoforinartapone line AFLad

Daafrom all stations were returned to a data -acquisition station at AFC.L viaa single dedicated voice-grace circuit made up largely of ordinary phone lines and " 'F%1
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having a branch to each of the stations. A polling signal sent from the data- ..,.o

acquisition station synchronized all stations to within several milliseconds

accuracy by incorporating compensation for propagation delays. Data collected at

each station during any 10-sec sampling interval were transmitted in a block at

some point during the next interval. A forward-error-correcting scheme was used

to eliminate transmission errors. Data were received, compressed, formatted.

and archived on magnetic tape by a dedicated minicomputer. Subsequently, several .

series of edited-data tapes were produced from the archive tapes, using the same

minicomputer, as described in the following section.

Table 1. Locations of the Data-Collection Stations

Corrected .
Geomagnetic Geographic J'

Station Symbol and Name Coordinates Coordinates Government 4'
(post office) N Lat E Long N Lat E Long Installation .

NEW Newport WA 55.2 299.6 48.3 117. 1 USGS Newport

Observatory
R PC Rapid City SD 54. 1 317.3 44.2 103. 1 Ellsworth Air Forte

Base
CDS Camp Douglas WI 56.3 334.2 44.0 90.3 Volk Field (Natl.

Guard Base)-' "-.."

MCL Mount Clemens MI 55.8 344.8 42. 6 82. 9 Selfridge Air NatI.
Guard Base

SUB Sudbury MA 55.8 1.9 42.2 71.3 Army Natick
Laboratory Annex

LOC Lompoc CA 40.2 300. 6 34. 7 120.6 Vandenberg Air Force
Base r N

TPA Tampa FL 40.7 344.9 27.8 82.5 MacDill Air Force
Base -. *.

3. EDITING OF THE DATA

..-" '.o -.-

The content of the archive data tapes is the series of successive data trans ,5'=

missions, recorded with minimal processing at the time of reception. These raw

tapes are somewhat inconvenient for general use, since they reflect network mal-

functions of many kinds, include other scientific d housekeeping data, and use a

complex format for economy. An edited version, containing only the fluxgate

measurements, was desired, and an automated procedure for processing these tapes

was developed. .,,

The editing process was designed to correct for a number of errors likely (and -

often known) to occur in the data because of various equipment malfunctions. The

basis for detecting and assessing the errors was a set of redundancy and consistency .,

checks built into or inherent in the data. The taults corrected (in most cases by

-- ' *.' * % %-

1,.=•.*P . . P %_ _.__-_._ __°__._ __ ___% % %___.. ..... ...G ....,.: ._ :%.. . 6... . ,. , .,...., . ,..-.... .. L.!., . - ";"""."e . . . .



discarding the faulty data) included: (1) magnetometer outputS liffering from a

nominal quiet-time value b~y more than 2048 nT. (2) transmissmons tnt confirmedI to

have come from the correct station, and (3) incorrect timne values associated with

transmissions. At the same time, the data were organized. lw timie interval,

station, and component, with missing data filled with blanks.

It may be noted that the faults addressed in editing are almost exclusivelv those

of the collection and transmission system; the only criterion placed onl thle mag-

netometer output was that it be reasonablv close to an expec ted value. One reason-

%for this is that rigorous criteria for assessing the correctness of the miagnetometer '-*

% data are so lacking that an automated procedure is not possible. B~ut another reason

is that, for many purposes, the usefulness of the data is only slightly (or not at all)

diminished by the most common malfunctions. Therefore, most failures experienced

with the mnagnetomneters are still reflected in thle edited data. Since thle station,, ~.0~..
were unattended, a number of days often elapsed before a mialfunction was corrected,

and caution is necessary in using these data. Some specific auidancve is provided

in Section 6 below.

4. DESCRIPTION OF THE PLOTS

The basic set of plots is presented in Section 7. It incluudes. for each day in

4,the year, daily magnetograms for all three components of' the seven network /.

stations, a total of 21 traces. These are grouped into three panels by k.om porieni.

in the order X. Y, Z from top to bottom of the page, where X is magnetic north.

Y is m~agnteic( east, and 1. is x erticallv dlownward. iThis 'd it~jto i Wdonot approxi

niate, and during the early yea cs X and Y were often rotated sahgttl about Z to) Kec(
% ~

the Y component slightly positive. To facilitate coniparisotis beta en adjacent *e

tainthe traces within each panel are further ordered he- plotiing the 55-degree

stations tfirst, west to east, followed by the rV.o 40 -deuree sta ion iti *s to east. -

I-or the basic iv!t of plots a tonaimon tixvei dtctiI11utt .o' :i- -o it I ho!

ease in comparing between daYs. The valute 40 iid per man i ch\ t.ic;~d i ~
because it kept about 90 pe rcent of the plots ins ca te. A njtiWl di ci sion i I tile dIs- -

lance be-tween the dotted baselinies For Ra II It tra.cs. 0n.' 'in ti'isionl rt~ Ic -

seunt-; 10 n [, and a resolution ot alsitir ona or 1% o W1 j. ,rs' f., ;I) h, cvS

Frot ac-tive (lays o~n which th( I races go (tftscale otr beorc tnuisti h. ne t-at, a 6

supplementary set orf plots, using a scalt of'0 160 or 400 inl pe(r- rnajor di~iio inn

prctsertted in Sect ion B. A sina II sol id triangle following t li( datt, nit th,, hasi i 'tn

in Set lion 7 indicates that a supplementarv plot has been pri-nv i ded.

Each t race is labe led at t he IlefIt w i rhl a t liree - Itet te I- stIat ion ,o(. Its. absol ilte

calibr-ation is providedl by the corresptntinui ',atur (ill nT) I or ill,- ttii'11.1 dottuid

4
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baseline. This value appearing just below the station (ode, is the 24-hour mean

of the data plotted, rounded to the nearest nanotesla. The station code and baseline

value are omitted whenever all data points in a trace are blanks or, very rarely

when a badly malfunctioning trace has been eliminated to avoid obscuring good 14mh

traces. he presence of the label usually (but not reliably) indicates that the trace
is not comn pletely blank. *.-a-..bsitne eh

n he time scale covers the 24-hour T day, with l-hr and 10-min subdivisions. .

The edited data base consists of one value per minute (good datum or blank) for 

each of the 21 traces, but since this sampling rate exceeds the resolution possible

on the page 2-min averages were plotted instead. This results in 720 points per /. -

day, and since the full-scale length of the time axis is roughly 144 mm. the point--

to-point spacing is about 0. 2 mm (0. 008 in.). an ebyah lotrst in the or

the C ae st printed at the lower left corner o eacp uit by thecond beam

c day-of-month, month, year. It is repeated, in parentheses, in the form year

(followed by a period) and day-of-year. As noted above, a solid triangle after the lap

% final parenthesis indicates the presence of a supplementary plot in Section 8.
, d.Ya-ser

5. MnETHOD OF PRODUCING THE PLOTS .'si-Iol2pt p-"

phe plots were generated by the network minicomputer (Varian model V72, -

vintage 1972) with 7-track tape units to read input data. The automated plot pro-
gram was written in FORTRAN and incorporated Varian Dataplot software. The .2 .

. output device was a Tektronix type 4014 terminal equipped with a type 4631 hardcopy -''',''

unit. With this equipment the plot is first drawn by an electron beam on the screen

of the CRT (a storage device) and then copied to the hardcopy unit by a second beam

which scans the screen; a third beam in the hardcopy unit writes the plot onto a

dry-silver heat-developed paper. The three panels for each day of data were pr-
duc.ed separately and then trimmed and taped together by hand, using overlapping :] ''

registration marks for alignment. Since the image on the dry-silver paper .. ,•.

deteriorates rapidly, the assembled plots were then copied, with a reduction to "'""

74 percent of original size, on an IBM series Ill model 20 photocopier. These .'" -

copies were furnished for the printer to use without further reduction. q~ i

The linearity and accuracy afforded by this method is sufficient for most pur- ,"-'T ...

poses but does not equal that achievable by producing all three panels at once on a .'-.' '

good electrostatic plotter and photoreducing the plots in the printshop. Some care "".--."

may therefore be necessary in attempting{ precise measurements from these plots. ,-.,..

,~~..'-?
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6. CAUTIONS ABOUT USE OF THE PLOTS ,

The following brief comment on some common faults in the data may be useful.

Examples are given by a reference in parentheses to a plot which exhibits the par-

ticular fault described.

Two problems were caused by the plotting equipment: (1) Some trace labels

are occasionally shifted into the middle of a panel, to the right of their proper

location (Z traces, 18 March). This problem was ignored because it was not easy

to cure and caused no serious harm. (2) The least significant digit of the baseline O

"e value for a trace is occasionally omitted (NEW-Z trace, 08 January). Since base- .

line values are all right-justified, the absence of the final digit can be seen, but

the value will be uncertain by 5 nT. Again, the harm caused was not enough to "%

justify the cost of solving it.

As noted earlier, data from malfunctioning magnetometers were not excluded

unless they differed greatly from expected values. Usually, the integrity of the

data can be adequately assessed by comparing any trace with those of adjacent

stations and by observing its behavior over an extended interval. Five common

malfunctions are these: (1) An instrument which does not change range properly

may exhibit sudden positive or negative jumps of 64 nT, the amount of one coarse- 4
scale step (SUB-Y trace, 04 and 06 August). (2) Some failures, such as a data-

system bit that fails to turn on or off, cause smaller jumps (MCL-Y trace, 05-09 May).

(3) Some failures cause a trace to exhibit noise, which may be large (NEW-X trace,

21 May) r ;mall (NEW-Z trace, 15-16 February). (4) Failure of the fine-scale

output causes a trace to show no activity except an occasional range-change jump

%u of 64 nT (SUB traces, 31 May to 7 June). (5) Failure of the temperature-compen-

sating circuitry makes the output very dependent on electronics temperature; the

trace will then reflect the regular cycles of the thermostatically controlled trailer

temperature (MCL-Y trace, 06-07 March). (6) Other severe malfunctions can

cause wild drifting (no good example in 1982), large noise spikes (RPC-Y trace,

06 March), or bursts (CDS traces, 06 June). All these faults can normally be

detected in the context of the stacked plots.
6 **

d'..,
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7. BASIC PLOTS AT STAND)ARD AMPLITUDE

This section presents one stacked -m agnetog ram plot for each day of 1982.

using the standard amplitude scale of 40 nT per major division.%

%* %
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8. SUPPLEMENTARY PLOTS AT REDUCED AMPLITUDE

This section presents a stacked -magnetogram plot for each of the following

days of 1982, using an amplitude scale of 160 or 400 nT per major division: n k11 tI

January 23, 28
February 01, 02, 04, 05. 06, 13, 14, 15, 25
March 01, 02, 22
April 02, 03, 10, 11, 22. 25 !0i-
May 27, 28
June 10. 13, 23, 27, 30.
July 08, 13, 14, 15, 16. 17, 31
August 07e %1
September 05, 06, 07, 09, 2 1, 22, 26, 27 i

October 07, 29 '

*November 01, 24, 25%
December 10, 17, 18. 22
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